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both MC and IM control we use recently develo-
ped by authors novel control algorithms.
An improved direct field-oriented control algo-
rithm for IM [7] with speed-flux tracking capabili-
ties has been selected for evaluation of the MC
performance, since it requires the high precision
tracking of the reference voltage vector during hea-
vy dynamic conditions. A new space vector modula-
tion (SVM) and improved commutation strategy
have been implemented for matrix converter control
[8]. The main features of the proposed SVM con-
trol are: linear loading of the line source (MC is
viewed by the line source as linear load); high pre-
cision tracking of the reference voltage vector. No
information about output current direction and re-
lation between input phase voltages are required
for implementation of the MC commutation.
The main conclusions from the results of experi-
mental study can be summarized as follows: i) ma-
trix converter control algorithms provide high preci-
sion voltage tracking suitable for implementation in
high dynamic performance AC electrical drives; ii)
safe commutation of the MC switching is achieved
in all condition of IM operation without of detec-
tion of the output current direction; iii) the satis-
factory waveforms of the input and output currents
are observed from the tests.
The paper is organized as follows. In Section II
the short description of MC control algorithm is
given. Section III presents general configuration of
improved vector control algorithm for IM. Results
of experimental testing of the MC during steady
state and during vector control of the IM are given
in Section IV.
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The results of the intensive experimental study of the matrix converter-fed Induction Motors (IM) with high dy-
namic performance speed-flux tracking field-oriented control algorithm are presented. It is experimentally proven
that high performance speed tracking is achieved under heavy dynamic conditions of operation. High quality in-
put/output current waveforms of the matrix converter obtained during steady state conditions of operations for
both directions of the power flow. The results of the experimental tests prove that matrix converter does not have
limitations for implementation in high dynamic performance vector controlled induction motor drives.
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1 INTRODUCTION
Electromechanical energy conversion using dif-
ferent kinds of electric motors is one of the most
important areas of applications for modern semi-
conductor power converters. Recent requirements
for power converters to be implemented in high
performance electrical drives include:
– high precision tracking of the reference voltage
vector;
– bi-directional power flow capability;
– controlled input power factor;
– matching of the electromagnetic compatibility re-
quirements.
At present time these requirements can be achie-
ved using two types of power converters: standard
AC-DC-AC converters with vector controlled input
rectifier and direct frequency converters known as
matrix converters (MC). Back-to-back AC-DC-AC
converters have been intensively studied [1] and
now they established the industrial standard for
medium and high power applications. Recently ma-
trix converters have been found as attractive alter-
native to AC-DC-AC converters [2].
Number of promising results on application of MC
for control in electromechanical systems are reported
in literature: IM drives [3], synchronous motor dri-
ves [4], doubly-fed induction machine [5, 6]. Never-
theless as far as authors know MC never has been
tested in heavy dynamic conditions of operation,
which are typical for vector controlled IM drives.
In this paper we present results of intensive ex-
perimental study of the high dynamic performance
vector controlled induction motor fed by MC. For


Figures 3.b and 3.c correspond for two cases,
when uν<0 and uν>0. They illustrate the sequence
of commutations in single SWM cycle, transition to
the next cycle and the configurations of the load
phases a, b, c, corresponding to each stationary vec-
tor, if vector uref is placed, for example, in sector I
(Figure 2.a). Presented version of switching algo-
rithm guarantees the minimum number of commu-
tations.
To implement the commutation strategy propo-
sed the following steps are necessary:
a) First the non-zero vectors of the one input line
voltage are formed.
b) Then the zero vector is formed.
c) At the end of SVM cycle the non-zero vectors
are constructed using other input line voltage.
d) Under transition to the next SVM cycle both in-
side of sector and under movement of vector
uref from the one sector to another (Figure 2.a)
first the non-zero vectors are placed. They are
formed from the same line voltage used in for-
ming of the last vector of the previous SVM cycle.
3 SPEED-FLUX TRACKING DIRECT
FIELD-ORIENTED CONTROL ALGORITHM FOR
IM
In order to test all control algorithms, proposed
for MC, during heavy dynamic conditions closed to
converter current and voltage limits we use recently
developed by authors [7] new direct field-oriented
vector control algorithm. Controller development is
based on novel design strategy for indirect field-ori-
entation presented in [11]. This design approach
has been modified in order to build observer-based
output feedback controller based on stator currents
and speed measurements. Specifically, the problem
of flux-speed tracking with no singularities is ad-
dressed, in presence of unknown constant load tor-
que and under the requirement of achieving new
features for the closed loop dynamics:
a) Global exponential asymptotic speed-flux trac-
king.
b) Asymptotic speed-flux decoupling.
c) Asymptotic linearization of the speed subsystem.
d) Robustness with respect to IM parameter (espe-
cially rotor resistance) variations.
Following the same conceptual line as in [11] we
design direct field-oriented controller with reduced
order (second order), but closed loop flux observer.
The two interconnected (electromechanical and elec-
tromagnetic) subsystems are designed, whose out-
puts are torque (speed) and flux vector, respective-
ly, with the two transformed stator voltages respon-
sible for control objectives in each subsystem. Based
on the concept of field-oriented decomposition,
special decoupling conditions are defined for speed
and flux subsystems which allow to design an ob-
server-based flux-vector control algorithm providing
closed loop exponential asymptotic flux vector
tracking as well as asymptotic speed-flux decoupling
via asymptotic field orientation. The property of
asymptotic linearization of the speed subsystem
(even with time-varying flux level) allows to use of
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Fig. 4 Block-diagram of the vector controlled IM fed by MC


4.3 Experimental results of vector controlled IM
The experimental results presented in Figure 8
demonstrate the dynamic performance of the pro-
posed controller adopting the controller tuning ac-
cording to (7). The speed tracking performance
(maximum speed error of about 0.3 rad/s) satisfied
the requirements of any high dynamic performance
applications. The Figures 9.a and 9.b demonstrate
the waveforms of the stator current during steady
state condition ω = 50 rad/s without load and with
rated load.
The operation near by zero speed with ω* = 0.05
rad/s is shown in Figure 10. Excellent steady state
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a)                                                             b)
Fig. 8 Transient performance of the proposed controller
c)                                                             d)
Fig. 9 Stator currents waveforms during steady state condition ω = 50 rad/s: (a) no load torque; (b) rated load torque
a)                                                             b)
Fig. 10 Operation near by zero speed: ω* = 0.05 rad/s, rated load is 
applied at t = 0.6 s and removed at t = 2.4 s
Eksperimentalna provjera vektorski upravljanog asinkronog motora visokih performanci napajanog iz matri~-
nog pretvara~a. U ~lanku se izla`u rezultati temeljite eksperimentalne studije o asinkronom motoru napajanom iz
matri~nog pretvara~a i upravljanom prema na~elu vektorske regulacije s visokim dinami~kim performancama slije-
|enja referencije brzine vrtnje i magnetskog toka. Eksperimentom je pokazano da se visoke performance slije|enja
brzine vrtnje posti`u u uvjetima te{kog dinami~kog optere}enja motora. Dobivena je visoka kvaliteta valnih oblika
ulazne i izlazne struje matri~nog pretvara~a za stacionarno stanje i za oba smjera toka energije. Rezultati eksperi-
mentalnog ispitivanja potvr|uju da ne postoje ograni~enja na primjenu matri~nog pretvara~a u vektorski upravljanim
asinkronim pogonima visokih dinami~kih svojstava. 
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performance and dynamics during load torque re-
jection is achieved during this regime of operation
in low MC voltage region.
5 CONCLUSIONS
It is experimentally demonstrated that perfor-
mance of the investigated MC-fed vector controlled
induction motor has no significant difference with
that of standard AC-DC-AC converter-fed configu-
rations. From intensive experimental study we con-
clude that proposed solutions for matrix converter
control and control algorithms for matrix converter
fed IMs are suitable for any high dynamic perfor-
mance applications.
APPENDIX
Rated power 1.4 kW
Rated current 5.2 A
Rated voltage 380 V
Rated torque 15 Nm
Rated speed 880 rev/min
Number of pole pair pn = 3
Rotor resistance R2 = 5.3 Ω
Stator resistance R1 = 4.7 Ω
Stator inductance L1 = 0.161 H
Rotor inductance L2 = 0.161 H
Mutual inductance Lm = 0.138 H
Viscous friction coefficient ν = 0.45
REFERENCES
[1] B. K. Bose, Power Electronics and Variable Frequency Dri-
ves: Technology and Applications. IEEE Press, N.Y., 1996.
[2] P. Wheeler, D. Grant, Matrix Converter Technology.
EPE'99, – Tutorial, Lausanne, Switzerland, 1999.
[3] S. Sunter, J. C. Clare, A True Four Quadrant Matrix Con-
verter Induction Motor Drive with Servo Performance.
IEEE Power Electronics Specialists Conference, Italy, pp.
146–151, May 1996.
[4] Bouchiker Said, G.-A. Capolino, M. Poloujadoff, Vector
Control of a Permanent-Magnet Synchronous Motor Using
AC-AC Matrix Converter. IEEE Trans. Power Electronics,
Vol. 13, no. 6, pp. 1089–1099, 1998.
[5] L. Zhang, C. Watthanasarn, W. Shepherd, Application of
a Matrix Converter for the Power Control of a Variable-
-Speed Wind-Turbine Driving a Doubly-Fed Induction Ge-
nerator. Proc. IECON97, Vol. 2, pp. 906–911, 1997.
[6] E. Chekhet, S. Peresada, V. Sobolev, Novel Vector Control
Algorithm of the Doubly Fed Induction Machine with Mat-
rix Converter. Proc. PEMC'98, Prague, Czech. Republic,
Vol. 5, pp. 5.123–5.128, 1998. 
[7] S. Peresada, S. Kovbasa, E. Chekhet, I. Shapoval, High Per-
formance Electromechanical Energy Conversion Using Mat-
rix Converter. Part 2: Vector Control of Induction Motor.
Proc. of Intern. Conf. »Problems of Electrical Drives«,
Alushta, Ukraine, pp. 263–266, 2001.
[8] E. Chekhet, V. Mikhalsky, V. Sobolev, I. Shapoval, Control
Technique for Matrix Converter. Proc. of the 5th Conf.
UEES' 2001, Szczecin, Poland, Vol. 2, pp. 583–588, 2001.
[9] E. Chekhet, D. Izosimov, T. Misak, Space Vector Pulse-
-width Modulation in Direct Frequency Converters. Proc.
PEMC'94, Warsaw. Poland, pp. 468–473, 1994.
[10] L. Zhang, C.Watthanasarn, W. Shephard, Analysis and Im-
plementation of a Space Vector Modulation Algorithm for
Direct ac-ac Matrix Converters. EPE Journal, Vol. 6, no. 1,
pp. 284–284, May 1996.
[11] S. Peresada, A. Tonielli, High-performance Robust Speed-
-flux Tracking Controller for Induction Motor. Internatio-
nal Journal of adaptive control and signal processing, Vol.
14, no. 2–3, pp. 177–200, 2000.
54                                 AUTOMATIKA 44(2003) 1–2, 47–54
E. Chekhet et al.Experimental Evaluation of the High Performance...
